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Abstract
The presented work reports the various stress and displacements observed within a total intervertebral disc of cervical 
level C5/C6, and this was under the action of a compressive load of 1,5 kN, as well as sagittal, lateral and axial 
moments. We showed the importance of the nucleus pulposus, from its fundamental properties to absorb the shocks 
and to absorb the major part of the deformations. Through the obtained results of simulation, we can affirm that the 
effects of the sagittal moment are most dangerous, relatively to the axial and lateral moments. This observation is 
dictated by the intensity as by the nonlinear behavior increasing in a quadratic form, from a certain inclination angle 
which can lead to a rupture of the cervical rachis on one hand, and to a degenerative reorganisation of the disc leading 
thus to the cervicathrose on the other hand.
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1. Introduction
Pathologies at the cervical level are multiple: traumatisms and cervicathrose. The first one can result 
from the shocks which have occurred at the time of the traffic accidents as well as other sports activities, 
servants or professional. The second one can rise from various causes and effects due to the heavy loads 
transported on the head in certain countries [1,2], the ponderal overload, and others activities such as 
housworks, sports, creating disco-radicular conflicts resulting in a painful symptomatology at the cervical 
level, inter scapular and bracial.
The statistics show that it is a real phenomenon of public health, which is justified by the high 
number of people affected by this disease [3]. The spinal instability was a considerable subject of research 
and is not yet clear. Clinically, the movement of the segment spinal is defined to be vulnerable, of great 
displacements, abnormal rotations or translations under the effect of physiological loads. Many
biomechanical studies in vitro on the damaged cervical rachis were undertaken to study the ligamentous 
effects or degradation of the cervical disc spinal under the physiological configuration [4,5].
The instability of the cervical rachis due to the damages of the ligaments and the degenerated discs is a 
subject of a great polemic. A few researches exist on biomechanics of the cervical spine. We present a 
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parametric study on the roles of the ligaments, the facets (endplate), and the disc nucleus of the human 
lower cervical spine (C5/C6), during which we analyze this state of the facts by the finite element 
method by using code ABAQUS. 
The present study exposes the various results of the numerical modelling of a vertebral unit functional 
C5/C6. 
 
2. Finite element modelling 
   The finite element analysis can be used to model the complex geometry and to simulate the 
biomechanical spine exactly. This section will detail the process carried out in the development of a 
biomechanical model of the spine for use. Modeling by FEM was carried out by using mechanical 
characteristics of materials existing in the literature; we also studied the displacement of the disc under 
the requests: bending of the disc under the loading and the stress distribution in the entire intervertebral 
disc. We treat a part on the effects of the plates at the two ends of the cartilage on the simple model as 
well as the effects of the used mesh density. A simplified model of the cervical vertebra in two 
dimensions of the segment spinal C5/C6 will be isolated and modeled by the finite elements.  
  
    We assume that our model C5/C6 is in a state of plane deformations. The geometrical model is 
obtained by using the graphical interface of Abacus. The modeling of biological located between two 
adjacent vertebrae was based on median values of the bibliography. For the intervertebral disc, some 
researchers [6,7] represented the intervertebral disc like a continuous structure. 
 
Although the current studies on biomechanics of the spine use sometimes a model geometrically 
precise with the properties of similar physiological materials. Consequently, in order to create a precise 
physiological model, it is created necessarily a geometry which satisfies the boundary conditions of the 
spine. In this study, the intervertebral disc was modelled as three layers: (1) two layers thickness (higher 
and lower) of 0.5mm of the end facet; and (2) by average layer of intervertebral disc including the ring 
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gelatinous material with strong water content, occupying a central position slightly shifted into posterior 
and representing 30 to 60% of the total area. Its liquid constantly under pressure absorbs and distributes 
the loads and the shocks which are applied on the vertebrae. The nature of the fibers changes gradually as 
far as we radially approach the nucleus. 
 
The annulus fibrosus, powerful fibrous ring which encloses nucleus, is composed of concentric 
lamellas very-precisely defined by Marchand et al.[8]. The number of distinct layers varies with the 
circumference, with maximum inside position (25 layers) and a minimum in posterior position (20 on 
average). The layers are thicker in internal than into external, respectively from 0.20 mm to 0.14 mm for 
the young subject; these values are approximately doubled for the old subjects. Within the same layer, the 
collagen fibers oblique and are directed approximately 30 degrees compararatively to the transverse plan. 
Two successive layers reverse the orientation of their fibers [9]. Our simple current model was requested 
under compressive load, bending and torsion moment. Current model C5/C6 will be analyzed to evaluate 
the force applied according to axial displacement, axial rotation, sagittal rotation and lateral rotation. 
 
3. Properties of materials 
 
  The cortical and spongy bones are described better like anisotropic materials with viscoelastic 
effects. However, taking into account the anisotropic properties which are not only difficult to model but 
could potentially increase the complexity of the model and thus the computing time, we consider that the 
bone properties are isotropic, elastic and linear.  
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Description Module E Coeff. Poisson 
 Cortical bone 200 [10] à 17000 [11] 0.2 à 0.484 
 Spongy bone 100 [12] à 330 [11] 0.315 à 0.45 
Annulus fibrosus 550 [13] à 450 [12] 0.3 à 0.45 
 Nuclueus disc 1 [11] à 4 [10]  
Facets 10 [14] à 50 [13] 0.3 à 0.4 
  
   Tab. 1,- Range of the materials properties used by the researchers.               
Description Module E (MPa) Coeff. Poisson 
Cortical bone 12000 0.30 
Spongy bone 200 0.30 
Annulus fibrosus 550 et 450 0.3 
Nuclueus disc 1 0.45 
Facets 30 0.4 
 
 Tab. 2, Details of materials properties used in this study. 
The Table 1 regroups the range of the materials properties used by the researchers. For our study, table 2 
regroups materials used in numerical modeling. In order to facilitate the injection of the materials 
properties, three volumes are created entirely by using Abaqus 6.9.1. The first stage consisted of the 
creation of external area of the disc. By employing the perimeter of the plate which is on the two ends of 
the C5 and C6 vertebrae  which are in contact with the disc, we have create external vertebral surfaces as 
shown in the Figure 1. 
 
Once rough volume was drawn up, the layers of the annulus will be created. The annulus fibrosus is a 
powerful fibrous ring which encloses nucleus, is composed of concentric lamelles precisely definite. If we 
take the volume of the disc like reference, we can create another volume behind by taking steps in such a 
way that one manages to make layers thickness of 1.1mm. The number of distinct layers varies with the 
circumference. The following step will be a step of creating eight coaxial volumes by repetition (Figure 
1). The thickness variation is ensured at each layer in the physiological disc. 
 
 
 
                                                                                                                                
 
 
                                                                                                                            Fig.1,  assembly model   
                                                                                                                                       Of the intervertebral  
                                                                                                                                        disc and the facets 
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Fig. 2, Geometrical detail and tetrahedral mesh  
 
Concerning the nature of the element used in this study, it is tetrahedral quadratic as shown in the figure 
2. The tetrahedral elements of 10 nodes are able to model the irregular structures of the vertebral form and 
the end plates. In order to correctly reproducing the collagen fiber orientation of the annulus, the area was 
analyzed by introducing the fiber elements for respective and alternative orientations of 30° and -30° 
comparatively to the transverse plan. Two successive layers reverse the orientation of their fibers. The 
material is considered homogeneous, elastic. The boundary conditions are show in the figure3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3, Boundary conditions of the assembly  
 
4. Influence of compression load on the disc 
 
 
Disc 
Total number of nodes: 59797 
Total number of elements: 419499 
419499 quadratic tetrahedral elements of type C3D10M 
Facet 1 and Facet 2 
Total number of nodes: 10786 
Total number of elements: 57735 
5775 quadratic tetrahedral elements of type C3D10M 
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   In the present part, we highlighted the relative importance of the ligaments,   the facets, and the core of 
disc below compressive displacement of a load P.  The model (C5/C6) is modified consequently to form 
the three new already analyzed corresponding models. 
 
The Figure 4 shows the variation of the total disc displacement according to displacement following 
the application of the axial compression loading. It shows the effects of the module of elasticity of 
materials composing the disc according to the axial compression load. It is quite clear that the increase in 
the load applied is proportional to compressive displacement creates. Thus the importance of 
GLVSODFHPHQWLVDXWRPDWLFDOO\UHODWHGWRWKHSDWLHQWKHDG¶VZHLJKWDQGWKHORDGZKLFKKHVXSSRUWV)RUD
suffering person of the osteoarthritis or who has undergoes an intervention, he should never raise a load 
on its head. 
 
The behavior of the disc is nonlinear in the first and the third stage, the curve giving the force with 
respect to displacement, with a sigmoïdale form. A first part of the curve, a small compressive load 
causes a great displacement. In the second stage, the increase in the load will cause the increase in the 
material rigidity, which results in a linear behavior load/displacement; it is the zone where the curve is 
almost linear. Finally the last stage is finished by the critical point which generates the creation of plastic 
deformed zone. 
 
 
 
 
 
 
 
 
 
Fig. 4, Variation of displacement on the level of complete disc vs. Applied load. 
 
5. Influence of compression load without disc nucleus 
 
Under the compression load, a significant and important difference of the variation of displacement on 
the level of the disc according to the compressive load is shown on figure 5. A comparative state is made 
between the model total disc with and without disc nucleus. The results prove that the presence of the disc 
nucleus having same material as that of the disc annulus and which exhibit an almost incompressible 
behavior is very effective for the transmission of the load of compression in the cervical rachis under the 
applied pressure. The maximum reduction of the load of compression obtained in the presence of the disc 
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nucleus is about 71% for an axial pressure of 1200N. This reduction is due to the damping of this load 
following the negative displacement of the disc nucleus. 
 
The figure shows that if the disc nucleus will not be present in calculations, the facets and the disc will 
share the load of pressure as if the disc nucleus was present, but the role of the facets (higher and lower) 
in the bearing axial pressure loading is significant and can lead to the rupture in the middle of the disc 
since it is empty inside. 
 
 
 
 
 
 
 
Fig. 5, Comparison between total displacement with and without the 
nucleus disc vs. applied load. 
 
6. Influence sagittal moment on the disc  
 
The curve of the moment - Rotation of the model of the disc between C5/C6 under one sagittal 
moment (Nm) is shown in Figure 6. This last shows that the increase in the sagittal moment on both sides 
from 1° and -1° of rotation is nonlinear. This increase shows the risk which may occur beyond -1°. So the 
variation is purely linear as soon as rotation lies between -1 to 1 not included. For example, when a 
person undergoes a shock due to traffic accident, the driver can have a rupture of the rachis if the couple 
exceeds a certain value. The curve shows an antisymmetric behavior with respect to the origin. A great 
rigidity leads to a higher importance of the sagittal moment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6, Variation of the degrees of the complete disc vs. sagittal moment 
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7. Influence of axial moment on the disc 
 
Whatever the surgical technique, particularly studied on the level of the limiting vertebrae of an 
instrumentation, the modification of the axial rotation of the vertebrae remains between 0° and 6° [15,16]. 
In this study one takes into account the sagittal diameters higher and inferior of the body, in addition to 
the heights, to calculate the angulations of the facets. Otherwise it is necessary to compare the 
measurement of the sagittal diameter to its projection value, which constitutes an approximation. The 
arcsinus function should allow in fact calculating the angle rotation without using the last approximation, 
since it utilizes the hypotenuse of the triangle which corresponds indeed to the sagittal diameter of the 
facet. 
 
In figure 7, we showed the variation of the torque with respect to the rotational angle. It is clear that 
the curve exhibe a nonlinear and antisymmetric behavior compared to origin 0. The moment increases 
quadratically with the increase in the positive rotational angle and the increase is accentuated beyond 3° 
which shows the gravity of the opening of the angle on the deterioration of the disc and consequently the 
cervical rachis. In comparison with figure 9, for a rotational of angle 2°, the axial moment is about 0.5 
Nm whereas that of the sagittal moment reaches a value close to 6Nm. It is 12 times superior, which 
shows the importance of this last. For a maximum angle of 5°, the axial moment is about half of that of 
the sagittal moment with 2°. 
 
 
 
 
 
 
 
 
 
 
Fig. 7, Variation of the degrees of the complete disc vs. axial moment 
 
8. Influence of lateral moment on the disc 
 
The limit vertebrae located in jonctionnelle zone are also characterized by a maximum of 
intervertebral axial rotation. A study by axial tomography targeted on the vertebrae; [17] showed a 
correction of the intervertebral side rotation from 1° to 3°. For our case we limit for a maximum rotation 
of 2°. The Figure 8 shows the variation of the lateral moment applied to the total disc according to the 
rotational angle intervertebral. A quasilinear relation regroups the moment with the rotational angle. It 
seems that the lateral moment presents the low values compared to axial and sagittal rotations. 
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Fig. 8, Variation of the degrees of the complete disc vs. lateral moment 
 
9. Conclusions 
 
- The effects of the compressive load on the disc as a function of displacement enabled us to obtain a 
curve which shows that the load increase proportionally to the compressive displacement created. 
- The comparison between the compressive application with and without disc nucleus carried out by 
simulation gives result proving that the presence of the disc is very effective for the transmission of 
this compressive load on the cervical rachis. 
- The sagittal moment applied to the disc of UVF C5/C6 as a function of rotational angle shows 
characteristics nonlinear. Moreover the curve presents an antisymmetric behavior compared to the 
origin. The application of this case is perfectly found in the traffic accidents undergoing the shocks 
and in particular the phenomenon of the whiplash. The main risks on the cervical rachis come 
primarily from the action of the sagittal couple (case of the whiplash). 
- The variation of the axial moment as a function of angle shows the nonlinear and antisymmetric 
behavior compared to the origin, generally the increase in moment is proportional with the rotational 
angle. 
- Concerning the axial and lateral moments according to the angle, they present like the preceding 
characteristics proportionality between the two parameters taken into account. But what is to be noted 
is that nonlinearity and the antisymetry in certain zones is present only in the case of the axial 
moment, which enables us to affirm, that the lateral moment is weaker relative with respect to the 
axial moment. 
- The various variations in deformations and stresses will have as consequences the degenerative 
rehandlings of the vertebral unit being able also to lead to various pathologies such as the 
cervicathrose. 
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